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Xie & Yokota (2005) isolated three bacterial strains from garden soil and proposed that they represented a novel genus, Dyella, with Dyella japonica as the type species. Cells of the isolates were Gram-negative, yellow rods. At present, the genus Dyella, in the family Xanthomonadaceae of the Gammaproteobacteria, includes six recognized species: D. japonica (Xie & Yokota, 2005) , D. koreensis , D. ginsengisoli (Jung et al., 2009) , D. marensis (Lee & Lee, 2009) , D. soli and D. terrae (Weon et al., 2009) . Recently, Dyella yeojuensis (Kim et al., 2006) was reclassified as Luteibacter yeojuensis (Kämpfer et al., 2009) . The genus Dyella is distinguished from other genera, as represented by Frateuria aurantia (Swings et al., 1980) , Rhodanobacter lindaniclasticus (Nalin et al., 1999) , Fulvimonas soli (Mergaert et al., 2002) and Luteibacter rhizovicinus (Johansen et al., 2005) , on the basis of 16S rRNA gene sequence analysis (Weon et al., 2009) . In addition, the genus Dyella can be differentiated from Frateuria aurantia on the basis of fatty acid profiles (Weon et al., 2009) . During a study of a thiosulfate-oxidizing bacterial population in field-cultivated sunflower rhizosphere soil, strain ATSB10 T was isolated and found to be a member of the genus Dyella on the basis of 16S rRNA gene sequence analysis. An earlier study (Anandham et al., 2008a) reported that strain ATSB10
T possessed multiple plant growth-promoting traits, including production of 1-aminocyclopropane-1-carboxylic acid deaminase, root elongation of canola and bioacidulation of rock phosphate.
Rhizosphere soil samples were collected from sunflowers (Helianthus annuus L.) cultivated in fields in Jung ha-dong, Republic of Korea (35 u 10-179 N 128 u 49-569 E). Soil still attached to the roots after gentle shaking and fine roots (approx. 1 cm length) were collected from five plants and pooled into one sample, homogenized by thorough hand mixing and used for isolation by enrichment. A rhizosphere soil sample (10 g) was added to 100 ml mineral salts-thiosulfate (MST) liquid medium (Mukhopadhyaya et al., 2000) and incubated on a rotary shaker at 30 u C in the dark to avoid growth of phototrophic bacteria until the colour of the medium indicator, bromcresol purple, changed to yellow, which was indicative of the production of sulfuric acid resulting from the oxidation of thiosulfate. To isolate pure cultures, the cultures were serially diluted (10 2 -10 6 ) in sterile deionized water, 0.2 ml aliquots were spread on MST agar and colonies that developed a yellow halo against a purple background were subcultivated on MST agar until one colony type was obtained. Strain ATSB10
T was one of the strains isolated in this way and could be distinguished by its colony morphology and the rate and extent of acid production in liquid MST medium. Strain ATSB10
T was maintained on MST agar and subcultured every week.
The 16S rRNA gene sequence of strain ATSB10 T was determined as described previously (Anandham et al., 2008a, b) . The resultant 16S rRNA sequence was aligned and compiled using ARB (Ludwig et al., 2004) and was added to the alignment of the SILVA SSURef version 92 ARB database (Pruesse et al., 2007) . Phylogenetic trees were inferred with 30, 40 and 50 % conservation filters (Ludwig et al., 1998) T . Gram staining and catalase and oxidase activities were tested with a Gram-staining kit and catalase and oxidase strips (all from Difco), according to the manufacturer's instructions. Conditions for growth were tested in nutrient broth (Difco) at pH 4.0-10.0 (in increments of 0.5 pH units), with 1-7 % NaCl (in increments of 1 % NaCl) and at 4 and 10-50 uC (in increments of 10 u C). Growth on AE broth (Entani et al., 1985) was checked at 30 u C on a rotary shaker for 30 days. Dyella thiooxydans sp. nov.
Hydrolysis of casein, CM-cellulose, DNA and starch was examined using the method described by Smibert & Krieg (1994) . The ability to oxidize and grow on reduced sulfur compounds was tested in mineral salts medium with single supplements: 20 mM thiosulfate, 10 mM tetrathionate, 3 mM sulfite (stored in 50 mM EDTA to prevent autooxidation), 2 mM sulfide, 2 mM thiocyanate and 0.1 % (w/ v) elemental sulfur. Mixotrophic growth was examined in mixotrophic medium as described by Anandham et al. (2009) . Chemo-organotrophic growth was tested on LuriaBertani agar (LBA), nutrient agar (NA), tryptic soy agar (TSA) and R2A agar (Difco). Carbon-source utilization and some enzyme activities were tested using the API 20 NE, API ZYM and API ID 32 GN systems (bioMérieux), according to the manufacturer's instructions. Duplicate antibiotic-sensitivity tests for strain ATSB10 T used paper discs containing streptomycin, tetracycline, kanamycin or ampicillin (50 mg ml
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; Sigma) on R2A agar at 30 uC and were recorded after 5 days.
Colonies of strain ATSB10
T on R2A agar were circular and convex with clear margins, white after 2 days and light yellow after 5 days. Colonies on NA, TSA and LBA were brown to light yellow after 2-5 days. Cells of strain ATSB10
T were Gram-negative, aerobic and motile rods, 0.9-1.6 mm long and 0.2-0.3 mm wide ( Supplementary Fig.  S2 ). Strain ATSB10
T could grow at 4-42 u C and pH 4.5-8.0 and could oxidize and use the reduced sulfur compounds thiosulfate, tetrathionate, sulfite and sulfur for growth, but not sulfide and thiocyanate. A previous study (Anandham et al. 2008b) T on the basis of white colonies on R2A agar, inability to assimilate maltose and sodium acetate and absence of esterase (C4) and esterase lipase (C8) activities. Other characters of strain ATSB10 T are presented in the species description.
Cellular fatty acid analysis was conducted for strain ATSB10
T and the reference strains using cells grown on R2A agar at 28 u C for 48 h. Fatty acid methyl esters were extracted and prepared by the standard protocol of the Microbial Identification System (MIDI). The DNA G+C content of strain ATSB10
T was determined by HPLC analysis of deoxyribonucleosides as described by Mesbah et al. (1989) , using a reversed-phase column (Supelcosil LC-18S; Supelco). Isoprenoid quinones were analysed by HPLC as described by Groth et al. (1996) T were extracted and analysed by two-dimensional TLC according to Minnikin et al. (1984) . R. terrae KACC 11761
T was included in the analysis because members of the genus Rhodanobacter exhibited high 16S rRNA gene sequence similarities with members of the genus Dyella. DNA-DNA hybridization was performed fluorometrically by the method of Ezaki et al. (1989) , with photobiotinlabelled DNA probes and microdilution wells. Hybridization was performed with five replications for each sample, the highest and lowest values obtained for each sample were excluded and the means of the remaining three values are quoted as DNA-DNA relatedness.
The results of the fatty acid analysis are given in Table 2 . The major fatty acids (.10 %) of strain ATSB10
T were iso-C 16 : 0 (23.5 %), iso-C 17 : 1 v9c (20.7 %) and iso-C 15 : 0 (15.6 %). Frateuria aurantia DSM 6220
T could be differentiated from strain ATSB10
T and members of the genera Dyella and Luteibacter and Fulvimonas soli DSM 14263
T on the basis of having a relatively large amount of iso-C 15 : 0 (50.2 %), the presence of C 12 : 0 2-OH and C 12 : 0 3-OH and the absence of iso-C 16 : 0 . Strain ATSB10 T , members of the genera Dyella and Luteibacter and Fulvimonas soli DSM 14263 T exhibited very similar fatty acid profiles that differed from those of their close relatives mainly in the relative amounts of fatty acids common to all strains and in the presence or absence of minor fatty acids. The major quinone was Q-8 and the DNA G+C content was 66.0 mol%.
The results of the polar lipid analysis are given in Fig. 2 T and Fulvimonas soli DSM 14263 T had similar polar lipid profiles that comprised diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), phosphatidyldimethylethanolamine (PDE), an unknown phospholipid, unknown aminophospholipids and an unknown aminolipid. Frateuria aurantia DSM 6220 T contained DPG, PG, PE, PDE, phosphatidylmethylethanolamine, an unknown aminolipid and an unknown lipid and R. terrae KACC 11761 T contained DPG, PG, PE, PDE, phosphatidylmethylethanolamine, unknown aminophospholipids, an unknown aminolipid and an unknown lipid (Fig. 2) . The polar lipid analysis showed that strain ATSB10
T was similar to members of the genera Dyella and Luteibacter and could be clearly differentiated from Frateuria aurantia DSM 6220 T . Naphthol-AS-BI-phosphohydrolase On the basis of genotypic, phenotypic and chemotaxonomic data, strain ATSB10
T merits recognition as a representative of a novel species of the genus Dyella. Therefore, a novel species, Dyella thiooxydans sp. nov., is proposed.
Description of Dyella thiooxydans sp. nov.
Dyella thiooxydans (thi.o.ox9y.dans. Gr. n. thion sulfur; N.L. v. oxydo to make acid, oxidize; N.L. part. adj. thiooxydans oxidizing sulfur).
Cells are Gram-negative, motile, aerobic rods (0.2-0.360.9-1.6 mm). Oxidase-positive and catalase-negative. Colonies on R2A agar are white to light yellow and convex with clear margins. Grows chemolithoautotrophically with thiosulfate, tetrathionate, sulfur and sulfite but not with thiocyanate or sulfide. Hydrolyses aesculin, casein and starch but not cellulose, DNA or gelatin. Optimal growth occurs at 30 u C and pH 7.0. Grows with 0-3 % NaCl. Positive for glucose fermentation and methyl red test and negative for Voges-Proskauer test, H 2 S production and phenylalanine deaminase. With API ID 32 GN and API 20 NE, assimilates D-glucose, maltose, D-mannose, D-ribose, sucrose, N-acetylglucosamine, glycogen, propionic acid, valeric acid, 3-hydroxybutyric acid, L-proline, L-serine and sodium acetate, but not L-arabinose, L-fucose, melibiose, Lrhamnose, adipic acid, capric acid, itaconic acid, lactic acid, malic acid, phenylacetic acid, suberic acid, 3-hydroxybenzoic acid, 4-hydroxybenzoic acid, L-alanine, Lhistidine, inositol, D-mannitol, D-sorbitol, trisodium citrate, potassium gluconate, potassium 2-ketogluconate, potassium 5-ketogluconate, sodium malonate or salicin. With API ZYM and API 20 NE, acid phosphatase, alkaline phosphatase, esterase (C4), esterase lipase (C8), cystine arylamidase, leucine arylamidase, valine arylamidase, naphthol-AS-BI-phosphohydrolase, N-acetyl-b-glucosaminidase, a-glucosidase, b-glucosidase, a-mannosidase, arginine dihydrolase and urease activities are present, but trypsin, a-galactosidase, b-galactosidase, b-glucuronidase and a-fucosidase activities are absent. The predominant polar lipids are DPG, PG, PE, PDE, an unknown phospholipid, two unknown aminophospholipids and an unknown aminolipid. The major fatty acids (.10 %) are iso-C 16 : 0 , iso-C 17 : 1 v9c and iso-C 15 : 0 . The major quinone is Q-8. Susceptible to streptomycin, tetracycline and kanamycin and resistant to ampicillin. The DNA G+C content of the type strain is 66.0 mol%.
The type strain, ATSB10
T (5KACC 12756 T 5LMG 24673 T ), was isolated from rhizosphere soil of fieldcultivated sunflower in Jung ha-dong, Republic of Korea.
